The effect of acyclovir on DNA synthesized in cells infected with herpes simplex virus type 1 was examined. DNA that was synthesized in infected cells in the presence of acyclovir during a short pulse with [3H]thymidine remained near the top of an alkaline sucrose gradient after centrifugation. The sedimentation characteristics of labeled DNA were not changed after chasing in isotope-free medium. The slowly sedimenting DNA was identified as viral in origin by hybridization to purified herpes simplex virus nucleocapsid DNA. When cells were infected with acyclovir-resistant virus containing mutations in the polymerase gene, the viral DNA synthesized in the presence of acyclovir was chased into high-molecularweight DNA. These findings are consistent with chain termination of herpes simplex virus DNA in virusinfected cells.
The effect of acyclovir on DNA synthesized in cells infected with herpes simplex virus type 1 was examined. DNA that was synthesized in infected cells in the presence of acyclovir during a short pulse with
[3H]thymidine remained near the top of an alkaline sucrose gradient after centrifugation. The sedimentation characteristics of labeled DNA were not changed after chasing in isotope-free medium. The slowly sedimenting DNA was identified as viral in origin by hybridization to purified herpes simplex virus nucleocapsid DNA. When cells were infected with acyclovir-resistant virus containing mutations in the polymerase gene, the viral DNA synthesized in the presence of acyclovir was chased into high-molecularweight DNA. These findings are consistent with chain termination of herpes simplex virus DNA in virusinfected cells.
The nucleoside analog acyclovir (ACV) is a potent and selective inhibitor of herpes simplex virus (HSV) replication (3) . Required for the inhibition of HSV replication is the selective phosphorylation of ACV by virus-specific thymidine kinase (3, 6) and the inhibition of the HSV-induced DNA polymerase activity by the triphosphorylated form of the drug (3, 5) . It has recently been reported that the inhibition of HSV DNA polymerization in vitro by ACV triphosphate appears to be due to the incorporation of ACV monophosphate into the primer template DNA, in addition to a strong competitive inhibition of the viral DNA polymerase activity with respect to dGTP (2, 5) . It was also shown that the 3'-terminal ACV monophosphate residues incorporated into the DNA template were not removed by HSV type (HSV-1) 1 DNA polymerase-associated exonuclease. In whole cells, ACV was incorporated only as a 3'-terminal residue in TK-cells transformed to the TK+ phenotype with herpesvirus genetic information (4). Cellular DNA synthesized in transformed cells in the presence of ACV consisted of small fragments that were not chased into high-molecularweight DNA, whereas the presence of ACV in cells without the HSV thymidine kinase gene did not produce these small fragments.
It has yet to be demonstrated with HSV-infected cells that chain termination occurs in the presence of ACV. In this communication, we report that, in HSV-1-infected cells, the viral DNA synthesized in the presence of ACV consisted of small fragments incapable of being chased to high-molecular-weight DNA, as was observed in biochemically transformed cells without HSV. The small fragments of DNA in HSV-infected cells were shown to be of viral origin by DNA-DNA hybridization.
(This work was presented in part at the International Acyclovir Symposium, Bethesda, Md., 1981.)
Baby hamster kidney (BHK) cells were grown in Eagle minimal essential medium containing 10% bovine calf serum, 10% tryptose phosphate broth, lx minimal essential medium vitamin solution, and 3. At 9 h postinfection, prelabeled cells were washed to remove label and then exposed for 30 min to various concentrations of ACV (see Fig. 1 ). After the ACV was removed, cells were pulse-labeled for 30 min with [3H]thymidine (10 ,uCi/ml, 60
Ci/mmol) in the absence of ACV. Before harvesting, cells were chased for 60 min in label-free medium. Cells were harvested as described previously (4) . The lysates were gently added to the top of a 12.5-ml alkaline sucrose (0.8 M NaCl, 0.3 M NaOH, 0.001 M EDTA [pH 12.5]) gradient (10 to 20%, wt/vol) and centrifuged at 40,000 rpm for 3 h at 18°C in a Beckman SW41 rotor. Gradients were fractionated (0.3 [see Fig. 1 ] or 0.5 [see Fig. 2 ] ml per fraction) and analyzed as described previously (4).
3H-labeled DNA from infected cells not exposed to ACV migrated to the same position in the gradient as did the highmolecular-weight DNA prelabeled with 14C ( Fig. 1) . In contrast, [3H]labeled DNA from infected cells exposed to ACV remained near the top of the gradient. There was no change in the position of the 3H-labeled DNA after a 60-min chase in label-free medium, indicating that the DNA was not chased into high-molecular-weight DNA.
For identification of the origin of the 3Hlabeled DNA remaining at the top of the gradient, the DNA was hybridized to purified nucleocapsid (7) and cellular DNA. HSV-1 DNA and BHK cell DNA were prepared from nucleocapsids and uninfected cells by phenol and chloroform-isoamyl alcohol extractions (7). The DNA was then purified by ethidium bromide-cesium chloride gradient centrifugation as described previously (8) The filters were then assayed for radioactivity by liquid scintillation spectrometry. Minimal hybridization of 3Hlabeled fragments occurred with increasing amounts of filter-bound cellular DNA, whereas significant levels of annealing were observed between labeled fragments and increasing amounts of filter-bound HSV-1 DNA (Table 1) . The sedimentation profiles of viral DNA synthesized in the presence of ACV in cells infected with ACV-resistant mutants PAAr5 and BWr are shown in Fig. 2 . The DNA synthesized in cells infected with these polymerase mutant viruses migrated as high-molecular-weight DNA on alkaline sucrose gradients, whereas the DNA from cells infected with wild-type virus remained near the top of the gradient as slowly sedimenting DNA (Fig. 2) . The absence of slowly sedimenting DNA in cells infected with the virus mutants suggests that these viral polymerases cannot utilize ACV triphosphate as a substrate as efficiently as can wild-type virus.
These data show that small DNA fragments are synthesized in HSV-infected cells in the presence of ACV and that they are viral in origin, as determined by hybridization to purified HSV nucleocapsid DNA. These findings are consistent with those reported previously in transformed cells in which cellular DNA was shown to be chain terminated (4) . In studies with Epstein-Barr virus-associated DNA polymerase, it was concluded that a competitive mechanism is the major mode of ACV inhibition of Epstein-Barr virus replication and that chain termination may occur, but only at an extremely low frequency (1) . Purified HSV DNA polymerase, chemically synthesized ACV triphosphate, and activated calf thymus DNA as template (1, 4) were used in previous studies, in which it was suggested that chain termination occurs in infected cells treated with ACV; however, this report is the first to demonstrate that small fragments of viral DNA, which cannot be chased to high-molecular-weight DNA, are present in HSV-infected cells after treatment with ACV, suggesting that viral DNA synthesized is chain terminated by the drug. 
